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Abstract 
Distinguished from former literature which focuses on the static or balanced analysis, this paper established the time-
varying parameters model based on state space model to find the dynamic relationship between China’s energy 
consumption and economic growth. After applying Chow test, unit root test and cointegration test, this paper 
estimated the parameters of state space model with Kalman Filter Algorithm, then found and analyzed their internal 
regularity. 
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1. Introduction 
Energy plays an important role in  the economy’s sustainable development. The relat ionship between 
energy consumption and economic growth is now well established in the literature. The seminal paper by 
Kraft  and Kraft (1978) supported the unidirectional causality from GNP growth to energy consumption  in 
the case of the United States of America for the period 1947-1974. Erol, and Yu, (1987), tested data for 
six industrialized countries, and found no significant causal relationship between energy consumption and 
GDP growth. Then George (2002), McAvinchey and Yannopoulos (2003) used  standard unit root test and 
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cointegration test for their object of energy consumption and economic growth respectively to investigate 
the long-term equilibrium and short-term dynamic adjustment between energy consumption and 
economic growth. 
The majority of the studies on the relationship between energy consumption and the economic growth 
concentrated in the fixed parameter model, and used the cointegration test and Error Correction Model 
(ECM), to testify that there is a long-term equilib rium relationship between them. However, with the time 
varying and the economic structural changes in domestic and foreign countries, a certain relat ionship 
between the two variables is likely to change as well. In order to reveal the changing regularit ies, this 
paper uses Kalman Filter algorithm to estimate and test the varying cointegration relationship between the 
two variables by applying the chow test and EG two-step method. 
2. Methodology and  Data Source 
2.1.  State-space model 
State-space model is used to estimate unobservable time variab les: such as rational expectations, 
measurement error and unobservable factors (trend and  circular elements), etc. State-space model applies 
iterative algorithmüüKalman Filter to estimate the equations. In this paper, the basic model relat ing to 
the impact of GDP growth on energy consumption is as follows: 
Observation equation:      ln( ) ln( )t t t tEC a GDP uE   ˈ ( 1,2, , )t T L                                    ˄1˅ 
State equation :                1t t tcE JE H    ˈ ( 1,2, , )t T L                                                 ˄2˅ 
Where GDP is real GDP and EC is energy consumption. All data were transformed to natural 
logarithms. The observation equation (1) and state equation (2) constitute state-space representation for 
the dynamic behavior of energy consumption. Here tE  is a vector of regression coefficients that is 
assumed to evolve over time. so we called it s tate variable  or time varying parameter, which used to 
denote China's energy consumption elastic coefficient, that is, it reflects the sensitivity of energy 
consumption on economic growth over the t ime variat ion. Equation (2) is a state equation about tE  , 
which describes the state variable’s generative process. Suppose that 
tE  can be viewed as an AR(1) 
process. tu and tH are assumed to be i.i.d. 2(0, )N V  and independent with each other. 
2.2. Variable Definition and Data Sources 
In order to investigate the relationship between energy consumption and GDP, data covering the period 
1954-1997 are used. The nominal gross domestic product series in Chinese currency are t ransformed  into 
the real gross domestic product in 1978 prices, using GDP deflators. The energy consumption series are 
expressed in terms of kilo liters of o il equivalent. The variables used in the models are: real gross domestic 
product and total energy consumption. All the variables used in this study are compiled from the “China 
statistical yearbook” and “China's energy statistics yearbook”.  
3. Empirical Analysis  
3.1. Tests for State-space model 
Chow test 
In order to testify that there really has a time varying relat ionship between energy consumption and 
economic growth, we, firstly, assumed that state variable E  is a fixed parameter in the sample interval. 
Then it can be written as: 
2254  Ma Ying et al. / Energy Procedia 5 (2011) 2252–2256
ln( ) ln( )t t tEC c GDP uE                                                                                                     ˄3˅ 
Figure 1, below shows there is a relat ionship between China’s GDP growth and energy consumption 
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Figure 2 the Changing trend of time varying parameter
tE  
As shown in figure 1, China's energy consumption shows an ascendant trend, as well as the 
development trend of real GDP. However, from the year of 1996 to 1998, China's energy consumption 
appeared to decline while China's real GDP grew. Therefore, there may have a structural break in  energy 
demand caused by the growth in real GDP since 1997/1998. Taking the year of 1997 as the supposed 
break point, we apply Chow test to judge the stability of equation (3). The test results shown in table 1: 
Table1 The results of Chow test  
Statistics Statistic Values Prob. Value 
F-statistic 34.38256* 0.0000  
Log likelihood ratio 39.68263* 0.0000  
Wald Statistic   68.76512* 0.0000  
* Significant at 5 per cent 
As shown in Table 3, it  reveals that fo r the equation (3), since F statistics is 34.38, no less than the 
critical value of 5.45 on the 1% level, we reject the hypothesis that there is no structural break in the 
energy consumption function in1979, implying that the model exists remarkable structural change for the 
time period. Thus we can establish time varying parameter model for the series of energy consumption 
and real GDP. 
Unit roots test 
In order to avoid “spurious regression”, this paper adopts Augmented Dickey-Fuller (ADF) test 
statistics to verify the stationarity of energy consumption and real GDP, and uses AIC and SC criterion to 
determine the lag intervals for the series of ln( )tEC  and ln( )tGDP .The results are reported in table 2. 
Table 2 Unit root tests 
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Variables ADF Critical values 
at 1% level 
Critical values 
at 5% level 
Critical values 
at 10% level Results 
ln EG  2.8107 -3.7115 -2.9810 -2.6299 Non-Stationarity 
lnGDP  2.4720 -3.6702 -2.9640 -2.6210 Non-Stationarity
lnD EG  -1.5211 -3.6701 -2.9640 -2.6210 Non-Stationarity 
lnD GDP  0.1997 -3.6702 -2.9640 -2.6210 Non-Stationarity
2 lnD EG  -3.9821* -3.7241 -2.9862 -2.6326 Stationarity
2 lnD GDP  -5.6205* -3.6793 -2.9678 -2.6230 Stationarity
* Significant at 1 per cent && GDP = Gross Domestic Product && EC= energy consumption 
The tests reject the null hypothesis of non-stationarity for both variables when they are used in the 
second difference, and integrated of order I(2),    ln 2EC I: ,    ln 2GDP I: .That is, China’s energy  
consumption and economic growth may have a cointegration relationship  
Cointegration   
The two variab les, which have been tested for the order of integration and found to have the same order,  
are used to estimate co integration regression. We adopted Engle- Granger two-step for co-integration test. 
Table 3 reports co-integration test for the series of GDP and energy consumption˖ 
Table 3 the results of Engle-Granger (EG) two-step cointegration test  
Residual Series ADF critical values 
at 5% level 
critical values 
at 10% level Prob. Value 
te  -3.658960** -3.59 -3.22 0.00026 
** Significant at 5 per cent 
Table 3 reports the result of the ADF test applied to the residuals of the cointegration  equations based 
on equation (3). The absolute value of the calculated test statistics for the residual is no less than EG 
critical value at  the 5 per cent level, which indicates reject ion of the null hypothesis of No -Cointegration. 
Both series are cointegrated. Therefore, China’s energy consumption and economic growth have a 
cointegration relationship. 
3.2. Results of State-space Model 
By using Kalman Filter algorithm, we estimated the time vary ing parameter model between the energy 
consumption and economic growth based on State-space model in equation (1) and (2).The Observation 






All parameters above estimated from equation (4) and (5) are significant at 5% level, which indicates 
the effect of other factors to the relationship of China's energy consumption and economic growth is 
remarkable except the effect of Economic growth level. Figure 2 gives the Eviews6 output for the 
estimate of the time varying parameter tE , which is the China's energy consumption elastic coefficient 
over the period 1978-2009. It is estimated to fluctuate in the range of 0.571 to 0.611 with a standard error 
( 1,2, , )t T L
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of 0.616. This says that a 1% increase in GDP has an estimated 0.58% to 0.61% increase in energy 
consumption.  
3.3. Discussion of the empirical results 
Due to the influence of the initial parameter value’s selection, 
tE in earlier times cannot show the 
varying relationship between China's energy consumption and economic growth completely, therefore, 
we begin the discussion with the year of 1980.  
As shown in figure 2, parameter
tE  fluctuates around 0.601, which is a h igher e lastic coefficient in  the 
period of 1980-1996. This is because that China is in the early time of reform and opening up, so 
economic structural changed greatly and caused the higher sensitivity than any other period. However, as 
China getting rid out of the Soviet economy, and establishing new economy system successfully, the 
economy began to appear overheated situation . Therefore, since 1996, China implemented 
macroeconomic control to achieve China’s economic "soft landing". Then Asian financial crisis erupted 
in 1997 and international crude oil prices went up, which makes the economic structure of China began to 
change greatly. The third industry such as low energy consumption industries  and high value-added 
industries were developing gradually, so the sensitivity of energy consumption on economic growth was 
diminishing rapidly.  
With China's entry into WTO in  2001, this brought another round of high economic growth . 
Investment was growing rapidly, and energy-intensive products were also increased significantly, which 
made energy demand soaring and appeared energy use inefficiencies. During the Tenth Five-Year Plan 
Period, energy utilization efficiency of China is 32% and energy system efficiency is about 9.3%, which 
is equivalent to about 50% of developed countries’. More than 90% of the energy is lost and wasted in the 
course of mining, processing, storage and transportation and terminal utilizat ion. Therefore , elastic 
coefficient rebounded after the year of 2000.  
4. Conclusion 
Facing the energy bottleneck of Chinese economy, which enters a new round high-speed growth cycle, 
it is necessary to reconsider energy development strategy in the key period. To complete China’s 
government goal of achieving “ industrialization and a well-off society in  an all-round way” until 2010, 
we must insist on taking the energy as the strategic priority of economic and social development to plan 
comprehensive energy development strategies. Firstly, we must conserve energy and improve energy 
efficiency, and also select the resources-saving and Hi-Tech development mode; secondly, considering 
environmental problems, we should develop clean energy and energy utilizat ion technique. Based on 
meeting China's energy needs, we should improve the urban environmental quality . 
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